Motivated by the recent experimental data about candidates for glueball from different processes, we have discussed in this paper the production of 0 ++ glueball from double diffractive scattering at momentum transfer |t| < ∼ 1GeV 2 in high energy p + p(p) collision. We applied the phenomenology of Pomeron (IP ) of Donnachie-Landshoff, the field theory model of IP of Landshoff-Nachtmann and the relevant calculating approachs. We assumed while IP coupled with glueball, the 0 ++ glueball could be considered as a bound state of two non-perturbative massive gluons. We have evaluated the dependence of cross section for 0 ++ glueball production on system energy √ s and shown that it could be tested experimentally.
I. INTRODUCTION
Since the color SU(3) gauge theory possess of self-coupling characteristic between gluon fields, it was predicted long before that as the quantum chromodynamics (QCD) becomes the basic dynamics of strong interaction, there would be existed states in hadronic spectroscope which are formed from purely gluon field-glueball [1] . Though now there are still lack of strict theoretical proving and conclusive experimental evidence to confirm its existence, but in recent couple of years there are a lot of reports from relevant data analysis that several candidates of glueball and/or state of it mixing with quark pair have been observed experimentally [2] . Of the production for glueball, people always believe that it should easily be produced in processes with rich source of gluon constituent, thus experimentalists concentrated their attention to seek glueballs on pp annihilation [3] , J/ψ radiative decay [4] , and high energy p + p(p) collisions [5] . Glueball production from J/ψ radiative decay has been analyzed in a model independent manner by Close et.al. [6] , but yet there has not been any analysis the same problem in h − h collision and in pp annihilation.
Since we believe glueball production is intimately connected with the diffractive mechanism, the pomeron exchange and physical vacuum properties, and in particular the masses of all glueballs are ranged in 1 − 2GeV , we think in high energy p + p(p) collision, glueball should perhaps not been produced by hard scattering between partons as the massive lepton-pair production in Drell-Yan process; but rather probably holds non-perturbative QCD behavior over through the whole production process. According to this point of view, we tried in this paper to discuss the glueball production from double diffractive scattering in high energy p + p(p) collision,
as a first attempt, we ignore the mixing with quark-pair and only consider J P C = 0 ++ glueball. Our approach is on the basis of phenomenology of IP from Donnachie-Landshoff [7] , field theory model of IP from Landshoff-Nachtmann [8] and the relevant calculating scheme [9] . To be brief, we first get a Regge asymptotic expression for (1) and we assume it could be normalized at zero momentum transfer by using field theory calculation with L-N IP model of glueball production in q − q(q) scattering and then extending the Regge formula into t = 0 general case.
In the following we describe in detail our calculating scheme in Sec.II, we give the formalism and derive the coupling constant B of glueball vertex in Sec.III, our evaluated results and some related discussions are given in last Sec.IV.
II. CALCULATING SCHEME
From phenomenology of IP given by Donnachie-Landshoff [8] , one could inferred that in discussing the coupling between IP and nucleon, one could thought the nucleon is a bound state composed of three clusters, they are themselves formed from non-perturbative QCD effects and their size are much smaller than nucleon radius. The core of each cluster is a valence quark, with sea quarks and gluons surrounded. Such a picture very like the constituent quark model of nucleon in hadronic spectroscope. So it means that the coupling of IP with a nucleon is actually that of IP with the three clusters (or constituent quarks) in an incoherently manner. In this IP model one need no more to consider the interaction of IP with any other parton (sea quark or gluons) in the nucleon. With this model Donnachie and Landshoff have successfully explained a lot of experimental effects in high energy soft strong interaction processes [10] .
In discussing glueball production from IP exchange, we adopt the same point of view:
we should not start such a problem from partonic structure and perturbative QCD, but instead from non-perturbative QCD at all and assume the glueball to be a bound state of two or three small flavorless clusters (or constituent gluons) which themselves are formed from gluons by non-perturbative QCD effects, and are massive. Like the nucleon case, the coupling of IP with glueball is actually that of IP with these constituent gluons. Also, we need no more to consider the interaction of IP with any other massless gluons in the glueball.
When the momentum transfer of scattered protons, |t i |, are small, Eq.(1) is a double Pomeron exchange (DPE) process, and can be sketched in Fig.1 .
From Regge pole theory [11] and IP model of D-L, when s ≪ s 1 , s 2 ≪ m 2 N , and |t i | < ∼ 1GeV 2 , the asymptotic form of the amplitude for Fig.1 is
where
and m is the 0 ++ glueball mass. α IP (t), β are Regge pole trajectory of IP and its coupling constant with nucleon respectively. From data analysis
Since the diffractive scattering condition require
and usually assumed δ < 0.1, the asymptotic form Eq.(2) have neglected lower powers of ( s s 1 ) and ( s s 2 ), but it is a good approximation. F (α IP (t 1 ), α IP (t 2 ), z) is the IP − IP − G vertex function, it general structure is known [12] , but its concrete form must be further considered.
Since pomeron-nucleon (IP − n) coupling should be considered as pomeron incoherently coupled with three constituent quarks, and according to field theory model as in [9] , the IP itself is composed from two non-perturbative gluons, thus Fig.1 should be concreted as It has shown in [9] that the sum of Feynman amplitude of Fig.2 is equal to its s−channel discontinuity of the first diagram, thus as Fig.3 . This simplify our calculation greatly. The black blob in Fig.3 is the vertex function of 0 ++ glueball with gluons of IP which will be discussed in next section.
III. FORMALISM AND COUPLING CONSTANT B
Using the Sudakov variables to calculate the loop integral of Fig.3 is very convenient,
We have put the light quark mass equal zero, the v, v 1 , and v 2 are transverse to p 1 and p 2 and so effectually are two dimensional. Then
As mentioned above, we first need the s− channel discontinuity of Fig.3 at t ≈ t 2 ≈ 0,
Here we explain how we can get from Fig.3 the direct product from γ λ ⊗ γ λ as in Eq.(2).
The upper quark line in Fig.3 has gamma matrices γ µ γ · q 1 γ λ , but it is in asymptotic form equivalent to
because in calculating the differential cross section, we also need to multiply γ · p 1 on the left and γ ·p ′ 1 on the right of this expression. When these are included, the difference between (7) and the original expressions gives contribution to cross section that are of order δ. Similarly, from the lower quark line we obtain 2q ν 2 γ λ . Now from Fig.3 , the amplitude of q − q(q) diffractive scattering through DPE at t 1 =
where D(−v 2 ) is non-perturbative gluon propagator of IP , g is the coupling constant between this gluon with quark. Because we are in interested only in leading powers of s s 1 and s s 2 , we may set x 1 = y 2 = 1.
As in [9] we choose
where µ ≈ 1GeV , A 2 µ 2 = 72β 2 .
Using the approximation matrix form Eq. (7), we found from Fig.3 , the W (G) in Eq. (8) ,
where vertex function A (G) µν connecting the gluons of IP with 0 ++ glueball. The simplest diagrams for this vertex function shown in Fig.4 and Fig.5 , where the massive constituent gluons are represented by screw threads.
In deriving these vertex functions, for calculating simplicity but not necessary we have used color singlet model approximation [13] for the vertex, which require gluon lines cutting by vertical dashed line in these figures are limited on mass shell. Thus from Fig.4 we get
From Fig.5 we get
From Eqs. (10) to (13) we get
Put Eqs. (9) and (14) into Eq. (8), we get M (G) for Fig.3 , thus the amplitude for 0 ++ glueball production of Eq.(1) from field-theory calculation with L-N IP model is
where factor 9 comes from 3 quarks in nucleon, F N (t) is the form factor of proton.
As mentioned in our introduction, we assume that it is valid to normalize the Eq.(2) by Eq.(15) at t 1 = t 2 = 0. 1
Let us now consider the coupling constant B of constituent gluons with 0 ++ glueball, which could be fixed by radiative decay mode J/ψ → γ + f 0 (1500) 2 as shown in Fig.6 , where 1 This is the same assumption as in [9] . In fact, Bialas and Landshoff have emphasized in [9] that Regge power behavior ( s s 0 ) α IP (t)−1 in Eq.(2) could be obtained by making gluon and quark insertion on gluon lines in Fig.2 and Fig.3 . So these Regge energy factor need not be considered in normalization. 2 Close argue in [14] that the scalar f 0 (1500) may be a glueball−qq mixture, here for simplicity we assume it is a pure glueball.
Using the color singlet model approximation once more in J/ψ vertex as usual, we get the amplitude of J/ψ → γ + f 0 ,
where ǫ µ (k) is the polarization vector of photon, e q = 2 3 e is the charge of charm quark, coefficient A 0 fixed from Γ J→e + e − :
and
Put Eqs. (18) and (19) into (17), after sum and average with initial states and final states respectively, we get
then decay width of J/ψ → γ + f 0 is
where color factor F J c = 2 3 . Put Eqs.(18), (20), and (21) together, we get
.
(22)
Decay width Γ J→e + e − and Γ J→γ+f 0 can be found in [15] , so as g s and m are fixed, one gets coupling constant B.
Up to now we have completed all discussion of p + p(p) → p + p(p) + G process from IP model of D-L and L-N in forward, t 1 = t 2 = 0 scattering.
For t 1 , t 2 = 0, the general structure of F (α IP (t 1 ), α IP (t 2 ), z) can be analyzed from Regge theory and this has been done by Drummon et. al. [12] . They have shown that when |t 1 |,
, z) are finite for any z. This point is very important for us since the D-L IP model, in strictly speaking, is valid only for |t 1 |, |t 2 | < ∼ 1GeV 2 . But we can also see from Eqs. (2) and (3), all contributions from large |t 1 |, |t 2 | are higher powers of δ, and they can be neglected safely. So, for t 1 , t 2 = 0, the amplitude T (G) for glueball production in p − p(p) high energy double diffractive scattering from D-L and L-N IP model and formalism, in a good approximation, can be gotten from Eqs.(2) and (15) (notice our footnote (1)!) and is
thus the cross section formula is
From several models (e.g., lattice QCD, bag model, potential model, and QCD sum rule) analysis, the lowest state mass of 0 ++ all are fixed at 1.5 ∼ 1.7GeV [14] . Experimentally, relevant data also manifest a clear signal of 0 ++ resonance state at about 1.5GeV in the central region of high energy p − p collision, thus we let m = 1.5GeV .
Of the constituent gluon, its effective mass is yet poor known. Here we let m g = 0.75GeV ., because this value consistent with the effective gluon mass analyzed from tests of QCD in low energies [16] and is closed to the constituent gluon mass obtained from glueball model on stochastic vacuum background field and vacuum correlators method [17] 2. Coupling constants g and g s .
Very little could be said about these non-perturbative coupling constants. For constant g which couple the gluon of IP with the quark in nucleon, we took the same value as used in [9] , i.e., Putting these parameters into Eq.(24), the cross section of Eq.(1) for √ s from 10 2 to 10 4 GeV , where |t 1 |, |t 2 | < ∼ 1GeV 2 , have been evaluated, as shown in Fig.7 . We see when √ s are taken in SppS and Tevatron energies, σ (G) (s) are about 55nb and 88nb respectively. The integrated luminosity of Tevatron now has reached 160pb −1 , so our evaluated cross section dependence could be tested experimentally.
On account of the large uncertainties caused by parameters as mentioned above, the numerical value of σ (G) should not be taken too seriously but we think yet its energy dependence should be reliable. Indeed, since the IP model of D-L has achieved a lot of success in low |t| phenomenology, if the glueball are really produced mainly through DPE mechanism, then the characteristic energy dependence of our σ (G) (s) should be reflected the objective reality even though we have made some approximations for IP − IP − G vertex and the uncertainties caused by parameters are rather large.
We have used the color singlet model approximation for vertex function in Figs.4 and 5, and have avoided some integral calculus. It is only for simplicity in calculating, but is not necessary to do so. The loop integrals in these figures are certainty convergence because not only the glueball vertex but also for IP must have suppression factor [7] . we think the errors caused by this approximation should be less than uncertainties caused by parameters.
In experimentally, value of momentum transfer measured in double diffractive scattering for glueball production have been much beyond the limit |t i | < ∼ 1GeV 2 . We yet have no reliable approach but D-L IP model valid only at |t i | < ∼ 1GeV 2 , but we have estimated if we extend it to |t i | < ∼ 3GeV 2 , the increase of the cross section did not beyond 15%. 
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